Background: Our study aimed to assess the endometrial cancer risk after tamoxifen adjuvant treatment for female breast cancer patients in Taiwan. Materials and Methods: A total of 74,280 breast cancer patients between January 1997 and December 2004 were included in the study; 39,411 received tamoxifen treatment and 34,869 did not. Tamoxifen-associated endometrial cancer was defined as endometrial cancer that occurred in patients at least 6-month after the diagnosis of breast cancer, who underwent tamoxifen treatment. Results: A total of 222 patients developed endometrial cancer, and of these,153 (69 %) were seen in patients with tamoxifen treatment, and 69 (31%) were seen in patients without the use of tamoxifen. The incidence of endometrial cancer was 0.388% (153/39,411) in patients with tamoxifen treatment, while was 0.198% (69/34,869) in patients without tamoxifen treatment. Logistic regression analysis demonstrated that tamoxifen use and age over 35 years were significantly correlated with development of endometrial cancer (p<0.001 and p=0.002, respectively). The odds ratio was 2.94 (95%CI, 2.13-4.06) for 3 years or longer tamoxifen use. The odds ratio was 4.08 (95%CI, 1.67-9.93) for women older than 35 years compared to those 35 or younger than 35 years. There were no significant differences in prior hormone exposure, hypertension and diabetes. Conclusions: To the best of our knowledge, this is the largest population based study that shows in patients with breast cancer, tamoxifen use for more than three years or patients older than 35 years was associated with a significantly increased risk for developing endometrial cancer.
Introduction
Tamoxifen is an effective treatment in reducing recurrence and mortality rates for estrogen receptor (ER) positive breast cancer patients (1) . On the other hand, an undesirable side effect of increasing risk of endometrial cancer has been suspected for decades (2) (3) (4) (5) (6) . A number of case-control studies showed that the risk of endometrial cancer increased after long-term tamoxifen treatment for breast cancer patients (2) (3) (4) (5) (6) . A vast majority of these case-control studies were conducted in the western world with a small sample size (from a total of a few hundred to a few thousand cases in each study (2) (3) (4) (5) (6) . The data of tamoxifen use from Asia countries were scarce. A previous study of 674 consecutive breast patients in Japan reported that tamoxifen use for longer than 5 years correlated with increasing risk of developing endometrial cancer, while the small sample size prevented to detect statistical significance (7) .
A more recent study analyzing pooled studies from the Cochrane Central Register of Controlled Trials and National Library of Medicine for published data from January 1970 to December 2010, however, reported that "The risk of endometrial cancer, deep vein thrombosis and pulmonary embolism is low in women <50 years who take tamoxifen for breast cancer prevention. The risk decreases from the active to follow-up phase of treatment (8) . In addition, although levonorgestrel intrauterine system (LNG-IUS) has been used in patients with breast patients taking tamoxifen (TAM) to prevent endometrial proliferation, the benefits, the side effects, and the patients suitable for this treatment are still elusive (9) .
The above facts clearly indicate the needs for further clarification of the potential link between Tamoxifen use and the risk for endometrial cancer. Since the incidences of breast and endometrial cancer have been increasing (Figure 1 ), according to the Taiwan cancer registration system (https://cris.bhp. doh.gov.tw/pagepub/Home.aspx), our study aimed to assess the endometrial cancer risk after tamoxifen adjuvant treatment for female breast cancer patients in Taiwan using a significantly large and population-based database.
Materials and Methods
A retrospective cohort study was conducted to evaluate tamoxifen use on endometrial cancer risk for breast cancer patients in Taiwan. In our study, the data included details of inpatient orders files, inpatient expenditures by admissions files, details of ambulatory care orders files and ambulatory care expenditures files. The above data were obtained from the National Health Insurance Research Database (NHIRD) (http://www.nhri.org.tw/nhird/en/index. htm) provided by the Bureau of National Health Insurance, Department of Health, and managed by National Health Research Institutes. All identifiers of all patients were completely removed before the release of the documentation and the encrypted data used in our study cannot link to any of the specific individual.
A total of 74,280 patients treated for breast cancer between January 1, 1997 and December 31, 2004 were included in the study. The cases were identified according to the coding of Ninth Revision International Classification of Diseases (ICD-9) 1740-1749 (malignant neoplasm of female breast). Of the 74,280 patients, 39,411 (53.1%) received tamoxifen treatment, and 34,869 (46.9 %) did not. The duration of tamoxifen treatment was timed from the first to the last prescription for tamoxifen. Tamoxifen-associated endometrial cancer was defined as endometrial cancer that occurred in patients at least 6-month after the diagnosis of breast cancer, who underwent tamoxifen treatment.
Descriptive statistics were used for patients' demographic characteristics analysis. Logistic regression analysis was performed to assess the potential association between the development of endometrial cancer with tamoxifene treatment, prior hormone exposure, hypertension, diabetes and age. The SAS statistical package (SAS Institute Inc., Cary, NC. Version 9.1) was used to perform analysis. The statistical significance was adopted at p values of less than 0.05. 
Results
A total of 222 patients developed endometrial cancer. The characteristics of these 222 patients are shown in Table 1 . Of the 222 endometrial cancer cases, 153 (69 %) were seen in patients with tamoxifen treatment, and 69 (31%) were seen in patients without the use of tamoxifen. The incidence of endometrial cancer was 0.388% (153/39,411) in patients with tamoxifen treatment, while was 0.198% (69/34,869) in patients without tamoxifen treatment (p < 0.001).
Among patients with tamoxifen treatment, the average duration of tamoxifen use was 2.91 years in patients developed endometrial cancer, and was 1.67 years in patients did not develop endometrial cancer ( Table 2) . Logistic regression of endometrial cancer risk for breast cancer patients on prior hormone exposure, hypertension, diabetes, age and tamoxifene treatment are shown in Table 3 . Tamoxifen use and age over 35 years were significantly correlated with the development of endometrial cancer (p<0.001 and p=0.002, respectively). Patients treated with tamoxifen had a significantly higher risk of endometrial cancer than those who did not take tamoxifen (OR 1.86; 95%CI, 1.40-2.47; p < 0.001). However, there were no significant differences in prior hormone exposure, hypertension and diabetes.
Logistic regression of endometrial cancer risk for breast cancer patients with tamoxifen use on duration of tamoxifen treatment, prior hormone exposure, hypertension, diabetes and age are shown in Table 4 . A link between long-term tamoxifen use and increasing endometrial cancer risk by odds ratio was 2.94 (95%CI, 2.13-4.06) for 3 years or longer; the odds ratio was 4.08 (95%CI, 1.67-9.93) for women aged older than 35 years compared to those aged 35 or younger than 35 years for breast cancer patients with tamoxifen use. There were no significant differences in prior hormone exposure, hypertension and diabetes. 
Discussion
To the best of our knowledge, our study is the largest population based study to further assess the potential association between tamoxifen use for breast cancer treatment and the risk for endometrial cancer.
Our study reveals that tamoxifen use and age over 35 years were significantly correlated with the development of endometrial cancer for breast cancer patients. Furthermore, for breast cancer patients undergoing tamoxifen treatment, a link between long-term tamoxifen use and increasing endometrial cancer risk by odds ratio was 2.94 (95%CI, 2.13-4.06) for 3 years or longer; the odds ratio was 4.08 (95%CI, 1.67-9.93) for women aged older than 35 years compared to those aged 35 or younger than 35 years. There were no significant differences in prior hormone exposure, hypertension and diabetes.
Our findings are largely in line with those of previous studies. A case-control study revealed a significantly increasing endometrial cancer risk by OR 3.6 (95% CI; 2.6 to 4.8) for breast cancer women with tamoxifen treatment beyond five years compared those women with no treatment (4). The Comprehensive Cancer Centres' ALERT Group detected an increasing endometrial cancer risk for longer duration of tamoxifen use, relative risk 6.9 (95%CI, 2.4-19.4) for at least 5 years and 2.0 (95%CI, 1.2-3.2) for 2-5 years compared with non-users in breast cancer women (6) .
Our study has also obtained several unique findings that are not sufficiently addressed in previous studies, such the duration of tamoxifen use and patients' age. Previous studies showed an increasing endometrial cancer risk after 5-year tamoxifen use (4, 6), while our study reveals the risk impact can occur fewer than 3-years. Our study has suggested that age is an important factor for the development of endometrial cancer in breast cancer patients. In our study, an increasing endometrial cancer risk by OR 4.16 (95% CI = 1.71 to 10.14) was observed in the breast cancer women aged older than 35 years compared with the younger breast cancer patients (Table 3) . Our study has also detected an increasing endometrial cancer risk by OR 4.08 (95% CI = 1.67 to 9.93) in breast cancer patients with tamoxifen treatment for women older than 35 years compared with the younger ones (Table  4) .
It is very important to prevent endometrial cancer developing or diagnose at early stage as tamoxifen is commonly used for all stages of hormone receptor positive breast cancer patients. A previous study reported that the endometrium thickness cumulatively increased during the tamoxifen treatment and the thicker endometrium remained years after the end of treatment, which results in increasing endometrial cancer development (10) . Another study showed that breast cancer patients with tamoxifen use have early stage endometrial cancer and good prognoses (11) . The incidence of subsequent endometrial carcinoma does not increase for primary breast cancer patients with tamoxifen usage if the patients underwent annual screening for gynecologic malignancies, including a pelvic examination, cervix and endometrium examination (12) . Regular follow-up of the endometrium thickness in breast cancer women taking tamoxifen may play an important role for endometrial carcinoma early diagnosis (10) .
The risk of endometrial cancer has been traditionally reported for postmenopausal women receiving long term tamoxifen therapy. However, more than half of patients in this study appear to have developed cancer within 3 years, almost a third within 18 months. It was different from the western countries. The incidence peak of Taiwanese female breast cancer is also different form the western countries (13) . The clinical implications need more studies for evaluating the pathogenesis, environmental genetics and other factors.
Conclusions
Our study shows that tamoxifen use and age over 35 years significantly correlated with breast cancer patients with endometrial cancer. An increased awareness among gynecologic health provider may help early diagnose endometrial cancer. Regular gynecologic follow-up may be mandatory for those women with three years or above of tamoxifen use and age over 35 years.
